The endophytic fungi isolated from leaves of Ocimum sanctum Linn. of different ages were examined for antimicrobial activity. The agar plug diffusion assay was used for primary screening. A total of 148 fungal endophytes were successfully isolated and cultured but only 134 of them (90.5%) exhibited inhibitory activity towards at least one test microorganisms. Moreover, the colonization rate indicated that the old leaves were frequently and densely colonized by endophytes. The results suggested that healthy leaves at older stages of growth can be a potential source for the isolation of endophytic fungi with antimicrobial properties. The ethyl acetate extract prepared from the fermentative broth exhibited better antimicrobial activity and it suggested the antimicrobial activity of the isolates was affected by the culture medium. A better antimicrobial activity was observed in the yeast extract sucrose broth as compared to malt extract broth. Significant improvements in the antimicrobial activity of the crude extract were observed after addition of water extract of the host plant in the culture medium.
INTRODUCTION
Endophyte is a group of endosymbiont, mostly filamentous fungi (Tiwari et al., 2010) which inhabits a unique biological niche and is categorized as highly diverse, polyphyletic group of microorganisms that are capable of colonizing plants tissues asymptomatically without initiating any disease or overt negative symptoms. Endophytes are believed to benefit host plants by preventing them from colonization of pathogenic microorganisms. The endophytic fungi are reported to produce antimicrobial compounds, having unique genetic and biological systems that may be involved in hostendophyte relationship (Strobel, 2003) . Many endophytic fungi have been proven to have the ability to produce novel secondary metabolites to overcome pathogenic invasion. Interestingly, the host-endophytic relationship is found to be complex and varies in different hosts or microorganisms (Tan and Zou, 2001; Pullen et al., 2002) .
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Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License metabolites from plants have been extensively discovered for years, based on their significant therapeutic effects practiced in traditional medicines (Nascimento et al., 2000; Souza et al., 2012) . Ocimum sanctum Linn, which belongs to family Lamiaceae is one of the important herbs due to their therapeutic potential (Agarwal et al., 2013) . It is widely distributed in tropical parts of Asia, Africa, Central and South America (Pushpangadan and Bradu, 1995; Balyan and Pushpangadan, 1998; Saha et al., 2010) . Its leaves have been reported to be traditionally used for getting relief from common cold, bronchitis, cough and digestive problems (Pattanayak et al., 2010) . The leaves contain a bright yellow volatile oil that possess various activities including antiasthmatic, antisuppressant, analgesic, antifungal, antibacterial and antimicrobial properties (Shekhawat and Shah, 2013) and including insecticidal properties (Azevedo et al., 2000; Manjula et al., 2002) . However, the medicinal values of its endophytes have not been fully investigated. The objective of this study was to isolate endophytic fungi from the leaves of the medicinal herb and to study the antimicrobial activity of the isolates on various test microorganisms. In addition, the study also aimed to ascertain the effects of plant extract in the culture medium on antimicrobial activity.
MATERIALS AND METHODS

Collection of plant material
Healthy plant leaves samples at different maturity stages with no visible symptom of disease were carefully selected and handpicked from O. sanctum Linn. which was planted in Pasir Putih, Kelantan, Malaysia (Latitute 5.832327812453 and Longitude 102.38352936481) on 27 th April, 2014 and were stored in separate clean zip lock plastic bags. The collected samples were kept at 10°C during transportation and processed within 4 h after collection. The leaves were washed under running tap water and dried in room temperature (30±2  C) until constant weight obtained.
Estimation of chlorophyll content
Fully expanded leaf samples were selected at different growth stages: young, mature, senescent and old. The chlorophyll content was measured in triplicate using SPAD-502 meter (Konica-Minolta, Japan) around the midpoint near the midrib of each leaf sample. The average SPAD meter values were calculated to estimate the amount of chlorophyll present in the leaf.
Surface sterilization
The isolation of endophytic fungi was conducted using method described previously by Okuda et al. (2005) and Tong et al. (2011) with some modifications. At first, the surface sterilization was performed on the leaf samples that were air-dried after washing thoroughly under running tap water. They were then soaked in 70% (v/v) ethanol for 1 min and rinsed with sterile distilled water. Subsequently, they were immersed in 1% (v/v) sodium hypochlorite for 1 min followed by rinsing three times with sterile distilled water.
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The step was repeated for different immersion times viz. 0, 5, 10, 15 and 20 min with 5 min interval for each step, in order to determine the effectiveness of surface sterilization process for removing epiphytic fungi. The experiments were done in triplicates.
Vitality test
To assure the effectiveness of the surface sterilization, the vitality test (Petrini, 1998) was then carried out where the top and bottom parts of each leaf samples were printed onto potato dextrose agar (PDA) plate. The plates were incubated at 30°C for 7 days and the viability of the epiphytic microorganisms was observed. The samples that showed no visible epiphytic microorganisms on PDA plates were further examined for surface imprint test.
Leaf imprint test
The efficacy of the immersion procedure was examined by leaf surface imprint test to optimize the time of immersion (Tong et al., 2011) . The sterilant-treated leaf samples at different immersion time were imprinted onto PDA plates and then incubated at 30°C for 14 days. The viability of the epiphytic microorganisms was observed after the incubation period. The sterile leaf samples with shortest immersion time (that showed no visible growth of epiphytic microorganisms on PDA plates) were selected for further isolation procedures.
Isolation of endophytic fungi from leave samples and storage
Preparation of plant powder and plant extract
Healthy disease free leaves samples were initially washed thoroughly under running tap water to remove dust and debris on the surface of leaves. They were then rinsed once in sterile distilled water and allowed to dry at room temperature (30±2  C) for a week before transferred to 60°C oven until a constant weight was obtained. The dried leaves samples were then ground into fine powder form. The leaf powder was then kept in a desiccator to avoid moisture which can cause nutrient loss and fungal contamination prior to use. As for plant extract, 5 g of powdered leaf materials were added into 1000 mL distilled water and boiled for 30 min. The extracts were then filtered using Muslin gauze followed by Whatman No. 1 filter paper (Tong et al., 2011) . The filtrate was then used for culture media preparation.
Preparation of growth agar media
Six types of growth agar media which were based on potato dextrose agar (PDA) and malt extract agar (MEA) were used. The growth agar media were plain PDA, PDA plus host plant powder (PHP), PDA plus host plant extract (PPE), plain MEA, MEA plus host plant powder (MHP) and MEA plus host plant extract (MPE). All media were autoclaved at 121°C for 15 min and supplemented with 0.2 g/L chloramphenicol to suppress the growth of bacteria.
Isolation of endophytic fungi
The leaves samples were aseptically cut into small pieces (5 x 5 mm 2 ) after a final washing with sterile 0.5 g/L Tween 80 solutions. They were placed (3-4 leaf pieces per plate) onto the isolation media: PDA and MEA with and without the addition of dried powdered plant materials (10 g/L) or host plant extract. Chloramphenicol (0.2 g/L) was added to suppress the growth of bacteria. The inoculated plates were incubated at 30°C and observed for the sign of endophytic fungal growth every day until the growth of hyphal tips on the media detected. The hyphal tips were aseptically cut into small fragments and transferred onto fresh agar media. The endophytic fungi were repeatedly cultured to ensure the genetic purity. The pure cultures were grown on slant agars and kept at 4°C with proper labelling. The cultures were deposited at the culture collection of the Industrial Biotechnology Research Laboratory, School of Biological Sciences, Universiti Sains Malaysia, Penang, Malaysia. sp.) . The bacterial cultures were subcultured every two weeks on fresh nutrient agar (NA) slants and incubated at 37°C, whereas the yeasts and fungal cultures were subcultured every four weeks on the fresh potato dextrose agar (PDA) slants and incubated at 37°C for yeasts and 30°C for fungi. All the cultures were then kept at 4°C until further use.
Evaluation of antimicrobial activity
Preparation of test microorganisms
The inocula of bacteria and yeast were prepared by transferring two single pure colonies into 5.0 mL of 0.85% sterile physiological saline (w/v) and mixed well to obtain cell suspension. The turbidity of the bacterial and yeast suspension were adjusted to match 0.5 McFarland standards (approximately 1 x 10 8 CFU/mL for bacteria and 1 x 10 6 CFU/mL for yeast). To obtain the desirable inoculum size as suggested by CLSI (2004 CLSI ( , 2006 , further dilution with 0.85% (w/v) sterile physiological saline was carried out. As for inocula of test fungi, 10 ml of 0.85% (w/v) sterile physiological saline was added into the agar slant containing the 7 days old culture. The slant was shook thoroughly until most of the fungal spores were suspended in the sterile physiological saline. The density of the spore suspension (approximately 1 × 10 6 spores/mL) was counted using a haemocytometer slide (Neubauer, Germany) under a light microscope. Further dilution with 0.85% (w/v) sterile physiological saline was carried out in order to obtain the desirable inoculum size as recommended by CLSI (2004 CLSI ( , 2006 .
Agar plug diffusion assay
Primary screening of antimicrobial activity of the endophytic fungal isolates was studied by adopting the modified agar plug method proposed by Mohanraj et al. (2011) . Agar plugs (1 cm in diameter and 4 mm thickness) were prepared by inoculating the endophytic fungal cultures onto PDA agar plate supplemented with host plant powder and incubated at 25°C for 20 days before cutting them using a sterile cork borer. The agar plugs were then placed on the Muller Hinton (MH) agar seeded with test microorganisms and the plates were initially kept overnight at 4°C to allow diffusion of bioactive compounds and subsequently incubated at either 30°C (for fungi) or 37°C (for bacteria and yeast). Ketoconazole (30 µg/mL) and chloramphenicol (30 µg/mL) were used as positive controls for bacteria/yeast and fungi, respectively. The inhibition zone formed around the endophyte agar plugs were measured after incubation for 72-96 h for fungi, and 24-48 h for yeasts or 16-18 h for bacteria.
Statistical analysis
The Kruskal-Wallis H test was carried out to compare the endophytic fungi assemblages of different leaf age maturity and different culture media. Mann-Whitney U test was performed to determine pair wise comparison if the result from Kruskal-Wallis H test were significant. Two null hypotheses were proposed: (1) There is no significant difference between the numbers of endophytes isolated from different leaf age maturity stages. (2) There is no significant difference between number of endophytes isolated from different culture media. Statistical significance was assumed at the 0.05 levels (p<0.05)
RESULTS AND DISCUSSION
Estimation of chlorophyll content
Chlorophyll content and photosynthetic pigment assessments in every leaf with different growth stages is a very important indicator to measure the leaf senescence since chlorophyll will be lost due to the environmental stress (Yamamoto et al., 2002) . The estimation of chlorophyll content using SPAD 502 meter is performed to select the best accurate stages of leaf maturity (Netto et al., 2005) . Table 1 shows relative chlorophyll content of O. sanctum leaves at different growth stages. The content of chlorophyll increased from young (22 SPAD unit) where the leaf color was light green to mature leaf with the highest chlorophyll content (35 SPAD unit) with the dark green of coloration. The chlorophyll content reduced when the leaf was old (30 SPAD unit) with light green-yellow coloration and at the senescent stage, where the chlorophyll content was 15 SPAD unit with green-yellow coloration. Zhang et al. (2006) reported that chlorophyll content of a leaf was maximum at 60 days old and continued decreasing at 90 and 120 days. The findings obtained from the current study showed that the chlorophyll content was low at a young stage and achieved its highest content at mature stage. However, during old and senescent stages, the chlorophyll content decreased and this could be due to degradation process (Silla et al., 2010) . Kamble et al. (2015) reported that chlorophyll content is higher in old mature leaves as compared to the young ones. Determination of chlorophyll content is important to group the leaves in various stages of growth: young, mature, old and senescent.
Plant materials and isolation of endophytic fungi
The selection of plant materials and sampling area are crucial, and they are the key determining factors for successful isolation of endophytes with pharmaceutical potentials. The maturity of the host plants, and environmental factors such as rainfall and atmospheric humidity may affect the diversity of the isolates (Chareprasert et al., 2006) . In this study, only the leaves were selected to be used to isolate the endophytic fungi since in traditional medicine, the leaves were reported to possess various pharmaceutical activities including antibacterial, antifungal and insecticides (Chowdhary and Kaushik, 2015) . Yu et al. (2010) suggested that the healthy leaves, showing no disease symptoms and cultivated at pesticide free environment but surrounded by infected plants, are more likely to be selected. The endophytic fungi were most prevalent in the leaves and this could be due to their thin cuticle layers (Hiremath et al., 1996) . Tong et al. (2011) revealed that the leaves of the host plant were the most prevalent part to be penetrated by endophytic fungi and they found that about 67% of isolates were successfully isolated. Besides, the large leaf surface areas (5 cm in length and 2 cm in width) and the thin cuticle layer could provide more surface area for endophytic fungal penetration and colonization. It is also believed that the role of leaf as a plant photosynthesis area might induce the density of endophytes.
Leaf surface sterilization
Surface sterilization can be performed using sodium hypochlorite, ethanol, formaldehyde, hydrogen peroxide or even acidic electrolyzed water (Okuda et al., 2005; Tong et al., 2011) . This is crucial especially for the surface sterilization of fragile samples such as leaves. Some of the sterilants such as sodium hypochlorite and ethanol can cause the less robust samples, not accessible to the propagation of the microbial endophytes (Charepresert et al., 2006) . Since the study of surface sterilization on endophytes is method-dependent, therefore, different hosts and plant tissues required different sterilization time. The immersion time of the samples in sodium hypochlorite solution were optimized to ensure elimination of all the epiphytes. Table 2 shows the immersion time used in this study where 1% (v/v) sodium hypochlorite was used. Young leaves need 2 min to eliminate the epiphytic fungi whereas mature and old leaves need 4 min of immersion time. Furthermore, senescent leaves need a longer immersion time (6 min) in order to remove all the epiphytic fungi. The results revealed that the young leaves showed less growth of epiphytes while senescent leaves showed high growth of epiphytes. The results obtained were in agreement with Ibrahim et al. (2014) who reported that the young leaves need less immersion time to eliminate epiphytes. Tong et al. (2014) postulated that the optimization of immersion time of plant sample sterilization is very crucial to ensure the success of the isolation works because a short immersion time might not be sufficient to remove all endophytes from the host plant samples whereas a prolonged immersion time could cause significant damage to delicate samples such as flower and leaf which further affect the viability of endophytes residing in host plant sample (Strobel and Daisy, 2003) . Oyebanji et al. (2009) stated that the use of sodium hypochlorite for surface sterilization is enough to remove the epiphyte fungi, dirt or even other contaminants on leaf samples and these procedures are the most frequent choice for surface sterilization in most laboratories. Hyde and Soytong (2008) concluded that the isolation of endophytes is usually biased towards fast growing fungi on the isolation media. Hence, powdered plant materials were added to the isolation media to enhance the growth of the endophytic fungi as well as to minimize fungal contamination. This is due to the antifungal metabolites of the host which inhibits the growth of the non-endophytic fungi.
Leaf age maturity
Surface imprint method and viability test conducted were used to confirm that endophytes were isolated instead of epiphytic fungi since epiphytes were killed during the immersion of leaf in 1% sodium hypochlorite (Sanchez-Marquez et al., 2007 , Tong et al., 2014 . Table  3 shows the isolation of endophytic fungi from various age stages on different isolation media. Six different isolation media: plain PDA, plain MEA, PDA supplemented with host plant powder (PHP), PDA supplemented with host plant water extract (PPE), MEA supplemented with host plant powder (MHP) and MEA supplemented with host plant water extract (MPE) were studied and the results showed that the isolated endophytic fungi preferred to grow on PDA and MEA supplemented with host plant powder with 47 and 31 isolates, respectively. It was followed by the PDA and MEA supplemented with host plant water extract with 28 and 20 isolates, respectively. The plain PDA and MEA managed to isolate about 16 and 9 isolates only, respectively. Table 3 also shows that a total of 148 endophytic fungi were successfully isolated from different growth stages of O. sanctum leaves with 19 from young (12.84%), 33 from mature (22.30%), 59 from old (39.86%) and 37 from senescent leaves (25.00%). The highest endophytic fungi were isolated from old leaf, followed by senescent, mature and young leaves.
The results obtained from this study are in agreement with Suryanarayanan and Thennarasan (2004) who demonstrated that the older leaves were more densely colonized by endophytes as compared to younger leaves, and most of endophytes obtained were fast growing fungi since they could grow after two days of incubation period. Powthong et al. (2013) defined the fast growing fungi as a group of endophytic fungi that can fill the culture plate within 5 and 7 days of cultivation. On the other hand, the slow growing endophytic fungi were the fungi that can fill the plate beyond 7 days. The results also showed that more endophytic fungi managed to be isolated on the medium supplemented with host plant powder, followed by the media supplemented with the host plant water extract. Supplementation with the host plant powder or water extract could induce the natural mutualistic interaction between endophytic fungi and their hosts, which finally enhanced the numbers of fungi isolated (Tan and Zou, 2001; Griffith et al., 2007; Zakaria et al., 2010) . Furthermore, the host plant materials are believed to stimulate the biosynthesis of secondary metabolites. Besides, Tong et al. (2012) suggested that addition of host plant material in the culture media not only enhanced the growth of fungal endophytes but also able to inhibit the non-endophytic fungi.
Antimicrobial activity of endophytes isolated from different leaf ages using agar plug assay
Besides isolating the endophytes from the healthy leaves of O. sanctum at various leaves ages, it was also aimed to investigate the antimicrobial activity of the culturable fungi associated with it. There were 134 isolates screened by agar plug diffusion assay to confirm if they demonstrated antimicrobial activities against 21 test microorganisms (13 bacteria, 3 yeasts and 5 fungi). Figure 1 shows the antimicrobial activity of the endophytic fungi isolated from different leaf ages using agar plug diffusion assay. Out of the 148 isolates isolated, 134 (90.54%) were found to exhibit inhibitory activity on at least one test microorganism. The number of endophytic fungi exhibited antibacterial (17 isolates), antiyeast (6 isolates) and antifungal (4 isolates) activities. The number of isolates exhibiting antimicrobial activities increased with leaf maturity (Figure 1 ). According to Kruskal-Wallis H test, the number of endophytes that demonstrated antimicrobial activity is significantly different across the four leaf ages [x 2 (3, N= 60) = 15.354, p = 0.002]. Old leaves were observed to be significantly colonized by endophytes with antimicrobial activity in comparison with young leaves (U= 26.5, p = 0.000). The number of endophytes that showed activity towards bacteria was significantly higher than yeast and fungi. The number of isolates that exhibited antimicrobial activity was higher in PDA agar supplemented with host plant powder as compared to PDA with host plant extract and plain PDA. The same trend also occurred for MEA where the MEA supplemented with host plant powder was colonized by more endophytic fungi with antimicrobial activity (26 isolates) as compared to MEA with host plant extract (17 isolates) and plain MEA (6 isolates). Statistically, number of isolates exhibiting antimicrobial activity grown on PDA supplement with host plant powder (U= 130, df= 1, z= -0.04, p= 0.05) showed significant difference when compared with PDA supplemented with host plant extract and plain PDA. As for MEA, the media culture supplemented with host plant powder showed significant difference as compared to media culture supplemented with host plant extract and plain media culture. The results clearly showed that the endophytic fungal isolates need compounds supplied by the host plant in order to promote their growth and enhance production of their antimicrobial compounds. Tan and Zou (2001) reported that the interaction between host and their endophytes not only benefit the host, but also the endophytes with supplement of nutrient. Moreover, the selection of media culture is also crucial in isolation of endophytic fungal with antimicrobial activity.
Several researchers have studied the relationship between the host plants and the endophytes, and they found that the addition of host plant extract can increase the growth of the endophytes as well as enhance the antimicrobial production (Firakova et al., 2007) . This condition is due to a long period of relationship between the two of them that has established connection through continuum of mutualism (Jia et al., 2016) where some compounds produced by the host are essential for the endophytes. Hence, it is essential to understand such relationships and the knowledge can be well exploited and applied for the production of better and more drugs from the endophytes.
Conclusion
This study shows that O. sanctum harbors diverse species of fungal endophytes and some of them exhibit significant inhibitory activity on pathogenic bacteria, yeasts and fungi. A significant enhancement in antimicrobial activity of the isolates was found when the plant extracts was added to the culture medium. Further investigations on isolation of these antimicrobial compounds are crucial as an approach to search for novel natural products.
